Principles and methods of rating and testing centrifugal superchargers by Goldstein, Arthur W
1 ORIGINALLY ISSUED I 
February 1942 a s  
Advance Restr ic ted Report 
I PRINCIFLES AND METHODS OF RATING AND TESTING I 
By Herman H. Ellerlmrock, Jr. and Arthur W. Goldstein 
Aircraf t  Engine Research Laboratory 
~ i e v e l a n d  , Ohio 
TO b~ ~~tu,rt:;$ fa 
th2 fibs of tha Natigma! 
Advisory Cornis tm 
for A z r ~ ~ u t i c s  
&a~hai~gkwa, D, Gs 
I WASHINGTON 
https://ntrs.nasa.gov/search.jsp?R=19930093258 2020-06-17T01:42:41+00:00Z
PRITJCIPLES ABD IIETHODS OF R A T I N G  AlJD TBSTIEG 
CEBTRLFUGAL 
By Herman XI, E l l e r b r o c k ,  J r .  and  A r t h u r  tJ .  G o l d s t e i n  
k d i s c u s s i o n  of  t h e  g e n e r a l  p r i n c i p l e s  i n v o l v e d  i n  
t h e  r a t i n g  and  t e s t i n g  of c e n t r i f u g a l  s u p e r c h a r g e r s ,  a 
s t a t e n e n t  a n d  d i s c u s s i o n  of p r e s e n t  s t a n d a r d  methods i n  
r a t i n g  a n d  t e s t i n g ,  a n d  r e a s o n s  f o r  t h e  a d o p t i o n  of  t h e s e  
s t a n d a r d s  a r e  g i v e n .  
T h e r e  ?,re s e v e r a l  c o n s i d e r n t i  ons f r o 3  which t h e  v a l u e  
of a  suz?erchnrger  may be d e t e r m i n e d ,  P i r s t ,  i t  may be 
rh tec l  w i t h  t h e  o b j e c t  of improvement of  d e s i g n .  Second,  
i t  nag  b e  r a t e d  i n  s u c h  a way t h a t  i t s  optimum o p e r a t i n g  
c o n d i t i o n s  ns-g be  a e t e r m i n e d .  T h i r d ,  i t  may be s o  r a t e d  
a s  t o  f a c i l i t ~ , t e  compar i son  w i t h  a n o t h e r  s u p e r c h a r g e r  a s  
( 1 )  a p r e s s u r e  b o o s t e r ,  ( 2 )  a  c o m y r e s s o r ,  o r  ( 3 )  a pov?er 
b o o s t e r  f o r  i n t e r n a l - c o n b u s t i o n  e n g i n e s .  
i f  t h e  s u p c r c h z r g c r  i s  t o  be r a t e d  f r o n  c o n s i d e r a -  
t i o n s  of i n p r o v e i ~ e n t  of desi izn,  i t  i s  o b v i o u s  t h a t  no one 
s t a n d a r d  of r a t i n g  c a n  be s e t  u p ,  inasmuch a s  t h e  r a t i n g  
useC de~3ends  upon t h e  q u e s t i o n  b e i n g  i n v e s t i g a t e d .  A 
method of r a t i n g  t h e  s u p e r c h a r g e r  i s  n e e d e d ,  however ,  
t h a t  r r i l l  p e r m i t  t h e  i n v e s t i g a t i o n  of e a c h  p a r t  of t h e  
s u p e r c h a r g e r  s e p a r s t e l y  i n  o r d e r  t o  e v a l u a t e  i t s  p a r t i c u -  
l a r  e f l e c t  on t h e  pe r fo rmance  o f  t h e  whole machine. I n  
c o n t r a s t  t o  t h i s  method i s  tP.e method by which t h e  suTer-  
c k e r g c r  i s  r a t e d  a s  an  e n g i n e  a c c e s s o r y ,  I n  t h i s  c a s e  
t h e  o v e r - a l l  pe r fo rmance  i s  d e s i r o d  a n d  t h e  d u c t s  t o  t h e  
c y l i n c l e r s  s h o u l d  be i n c l u d e d  i n  t h e  s u p e r c h a r g e r  t e s t  
r i g ,  a l t h o u ~ h  t h e  a d d i t i o n  of t h e s e  d u c t s  t o  t h e  s e t - u p  
m s g  o b s c u r e  t h e  a c t u a l  o p e r a t i o n  of t h e  i m p e l l e r  and  d i f -  
f u s e r .  The l i m i t a t i o n  f o r  t h i s  t y p e  of  r i g  l i e s  i n  t h e  
f a c t  t h ~ t  c e r t a i n  d e t a i l s  of  t h e  e n g i n e  s e t - u p  may p r e v e n t  
a c c u r a t e  measurements  of t h e  a i r - s t r e a m  c o n d i t i o n ;  t h u s ,  
i t  i s  n e c e s s z r y  t o  .modify such  a r i g  and  a t  t h e  same t i m e  
t o  m a i n t a i n  i t s  e s s e n t i a l  f e a t u r e s .  No i n v e s t i g a t i o n  of 
t h e s e  q u e s t i o n s  h a s  been  nade t o  d a t e  by t h e  NACA. 
The s u p e r c h a r g e r  h a s  been  c o n s i d e r e d ,  i n  work t h a t  
h a s  been  done t h u s  f a r ,  c h i e f l y  a s  a p r e s s u r e - p r o d u c i n g  
Instrume:i t .  Eke r a t i n g s  t h a t  have  been  u s e d  a r e  based  o n  
t h e  ~ r e s s ~ r e - p r ' c & d z i E  c a p a c i t y  of t h e  s u p e r c h a r g e r .  The 
tes :  r i g  u s e d  has  been  d e s i g n e d  t o  d e t e r n i n e  t h e  p e r f o r n -  
s n c e  03 I m p e l l e r ,  d i f f u s e r ,  a n &  c o l l e c t o r  c a s e  as a w h o l e ,  
t h e  d.uct s ~ s t e m  n e c e s s a r g  5.n a c t u a l  i n s t a l l a t i o n  b e i n g  
neglected, The work done  so  f a r ,  t h e r e f o r e ,  c a n  b e  con- 
s i d e r e d  olilg as t h e  f i r s t  s t e 2  i n  a program f o r  i n v e s t i -  
g a t i n g  t h e  p o s s i b i l i t i e s  f o r  inprovornent of d e s i g n .  A 
uar icb le -co i l iponen  set-lap now i n  u s e  by ",he XBCR w i l l  per-  
m i t  s e p a r a t e  e v a l u a t i o n  of t h e  i m p e l l e r ,  t h e  d i f f u s e r ,  
an$- t!ie i n p e l i e r - d i f f u s e r .  combinat  i o n .  
The work l o n e  5 y  a s u p e r c h a r g e r  on t h e  a i r  p a s s i n g  
t h - o u s h  i t  i s  5oce  by t h e  one moving p a r t  - t h e  i m p e l l e r .  
Tke t o r q u e  on t h e  shaft i s  equal t o  t h e  r n t e  of change o f  
~ o i ~ e a t  of nomen5uin 05  t h e  g a s ,  i f  t h e  t o r q u e  due  t o  d r a g  
of t h c  saperc21arger  l ~ o ~ ~ . s i r g  s  n e g l e c t e d .  
The f o i l o ? r i r g  c y n b o l s  w i l i  he u s e d  i n  t h e  e q u a t i o n s  
o f  t h i s  s e c t i o n :  
T t o r q u e  on s h a f t ,  y ~ u ~ & a l - f e e t  
I-t xo31ent of z,or~e:z$um 02 gas, pound ( m a s s )  f  e e t 2  ~ e r  
s e c o l ~ d  
t t i z e ,  s econds  
r C. i s t aace  f r o n  a x i s  of r o t a t i o n ,  f e e t  
w work  done  537 i x p o l l e r  p e r  u n i t  mass of  g a s ,  foo t -  
pou: idals  y e r  :>cun3 (mass  ) 
w a n g u l a r  v e l o c i t y  of s h a f t ,  r a d i a n s  p e r  s e c o n d  
T xro loc i ty  of i x p c l l e r  t f p ,  f e e t  p c r  s econd  
Tg componcl t  of v e l o c i t y  of g a s  %n d i r e c t i o n  of v e l o c i t y  
of i x p e l l e r  a t  d i s t a n c e  r f r o n  a x i s ,  f e e t  p e r  
s  e  z ond 
5-m ele::ier,t 02 m e s s ,  pou:?d ( m a s s )  
y Kass f l o w  per u n i t  t i m e ,  13onnd ( r - a s s )  p e r  second 
S u b s c r i p t  s  : 
1 i a p e l l e r  i n l e t  
2 l a p e l l e r  t i p  
The xoment of momentum of a n  e lement  of n a s s  i s  
7 h o r  a g i v e n  clement of g a s ,  ' dl11 i s  c o n s t a n t  b u t  rV ct 
c h c n ~ c s .  Thc i n c r o n s c  i n  dp f o r  sn e l o n c c t  i s  
I f  a v e r a g e  v a l u c s  f o r  V and V a r c  e s s u n c d  a t  b o t h  
g t ,  gt 1 
t h a  i n l c t  s~:d t h n  i n p c l l c r  t i ? ,  t h e  f n c r e ~ s c  i n  noncnt  of 
nonent?.in p c r  u:1iJ; sass i s  
T L ~  s % a f t - p o n c r  i n p u t  i s  
s i n c e  
The work done p a r  u n i t  n a s s  i s  t h c r c f o r c  
I f  t h e r e  a r e  2 grep-t  nunbe r  of t h i n  b l a d e s ,  t h e  r e l e -  
t i v e  v e l o c i 5 g  o f  t h e  g a s  w i t h  res!?ec.t t o  t h e  b l a d e s  will 
be p n r a l l e l  t o  t h e  b l a d e s ,  I f  t h e , s e  b l a d e s  a r e  r a d i a l l ; ~  
d i r e c t e d .  ~ . t  t i le  i i ; p e l i e r  t i p ,  t h e  te,rL<?i?nt i t z l  co~ipoxlent of 
t h e  v e l o c i t y  of t3.e g a s  w i l l  equ.31 the? t i p  v e l o c i t y  
Suppose,  f u r t h e r ,  t h a t  t h e  v e l o c i t y  a t  t h e  e n t r a n c e  has  no 
t a n g e n t i a l  component,  o r  t h a t  T = 0. Then, 
et. 
I n  o r d e r  t o  c o n v e r t  t h e  e x p r e s s i o n  i n t o  p r a c t i c a l  u n i t s  
f rom a b s o l u t e  u n l t s ,  
where  FI i s  work i n  foo t -pounds  p e r  pound (mass ) .  
Thus,  v 2 / g  i s  t h e  work p e r  pound of a i r  p u t  i n t o  
t h e  s u p e r c h a r g e r  w i t h  a n  i n f i n i t e  number of b l a d e s  w i t h  
r a d i a l l y  d i r e c t e d  t i p s  a n d  w i t h  no t a n g e n t i a l  component 
of v e l o c i t y  a t  t h e  e n t r a n c e ,  I t  i n c l u d e s  s u c h  l o s s e s  as 
h e a t ,  f r i c t i o n ,  e t c , ,  e x c e p t  f o r  t h e  e f f e c t s  of f r i c t i o n  
w i t h  t h e  c a s e .  I n  a mschine  w i t h  t h e  f o r e g o i n g  s p e c i f i c a -  
t i o n s  t h i s  amount of work  wou.ld e q u a l  t h e  maximum amount 
of e n e r g y  p e r  u n i t  mass t h a t  c o u l d  b e  i n p a r t e d  t o  t h e  g a s  
b y  t h e  machine.  I f  s u c h  a machine were  p e r f e c t ,  t h e  con- 
v e r s i o n  of t h e  work T 2 / g  would r e s u l t  i n  a p r e s s u r e  
r a t i o  t h a t  would b e  t h e  h i g h e s t  a ~ l ; t a i n a . b l e  a t  t h e  speed  
V b y  a s u p e r c h a r g e r  w i t h  r a d i a l l y  d i r e c t e d  b l a d e  t i p s .  
I n  a n  a c t u a l  machine ,  owing t o  t h e  f a c t  t h a t  t h e r e  i s  
A f i n i t e  number of b l a d e s ,  ~ r ' n i c h  c a u s e s  r e l a t i v e  c i r c u l a -  
t i o n ,  t o  t h e  f a c t  t h a t  t h e  i n l e t  v e l o c i t y  h a s  a, t a n g e n t i a l  
component t h a t  c a u s e s  shock  l o s s e s ,  and t o  t h e  f a c t  t h a t  
f r i c t i o n  l o s s e s  e x i s t ,  t h e  p r e s s u r e  r s t i o  a c t u a l l y  a t t a i n e d  
i s  l e s s  t h a n  t h a t  t h e o r e t i c a l l y  p o s s i b l e  f rom t h e  p e r f e c t  
machine d e s c r i b e d  p r e v i o u s l y .  A means of compar ing  t h e  
a c t u a l  p r e s s u r e  r a t i o  w i t h  t h a t  which  c o u l d  b e  t h e o r e t i c -  
a l l y  o b t a i n e d  w i t h  R, p e r f e c t  machine of t h e  f o r e g o i n g  
s p e c i f i c a t i o n s  h a s  been  found  i n  t h e  u s e  of t h e  p r e s s u r e  
c o e f f i c i e n t .  The i s  t h e  r a t i o  of t h e  
e n e r g y  o b t a i n e d  f  f  t h e  compres s ion  
i s  a d i a b a t i c  a n d  f r i c t i o n l e s s  and  i f  t h e  e n e r g y  i s  eva lu -  
a t e d  a t  t h e  same p r e s s u r e  r a t i o  a s  tha t  a . c t u a l l ~ r  a t t a i n e d ,  
t o  t h e  e n e r g y  t h a t  c o u l d  be  o b t a i n e d  f rom a  p e r f e c t  ma- 
c h i n e  of t h e  f o r e g o i n g  s p e c i f i c s t i o n s  o ~ e r s t i n g  st t h e  
same speed  a s  t h e  a c t u a l  machine.  
Tho e n e r g y  ob ta . i ned  froin a s u ~ e r c h a ~ r g e r ,  i f  t h e  com- 
p r e s s i o l  i s  z d i n b n t i c  and- f r i c t i o n l e s s  and  i f  t h e  e n e r g y  
i s  e v a l u a t e d  a t  t h e  s ane  p r e s s u r e  r a t i o  a s  t h a t  a c t u a l l y  
a t t a i n e d ,  nay  Ge de r ived -  a.s f o l l o w s :  The s t e a d y - f l o w  en- 
e r g y  e q u a t i o n ,  i f  t h e  e f f e c t  o f  g r a v i t y  i s  n e g l i g i b l e ,  i s  
( S e e  t h e  zppenc-ix f o r  d e f i n i t ? o n s  of synbo l  s..used h e r e i n -  
a f t e r , )  I f  110 h e a t  i s  g a i n e d  o r  l o s t  by t h e  g a s  i n  p a s s -  
i n g  t h r o u g h  t h e  s u y e r ~ h a ~ g e r ,  t h e n  dq = 0 .  The work 
done by  t h e  s u p e r c h a r g e r  on u n i t  n a s s  of g a s  i s  t h e r e f o r e  
w = / -  d - r  = 1 d (h, % vg2 /2 )  
*.I J 
The f o r e g o i n g  e ~ ~ u a t i o n  a d  t h e  subsequen t  d e r i v a t i o n s  
nay  be s i n p l i P i e d  by t h e  i n t r o ? . u c t i o n  of t o t a l  o r  s t a g n a -  
t i o n  v a l u e s  of t h e  Zae p r o - g e r ? i e s ,  l:~i-icl?. e l i r i i n a t e s  t h e  
% v e l o c i t y  t e r n .  I f  a ~ o v i n g  s k r e a n  i s  s t o p p e d ,  k i n e t i c  en- 
e r g y  i s  u s e d  i-n c r e s t i n 2  a p r e s s u r e  and  t e x p e r a t u r e  r i s e .  
I f  t l ie  p r o c e s s  i s  a r e v 2 r s i b l e  a c l i a b a t i c ,  t h e r e  i s  no en-  
t r o p y  i n c r e x s e  a n d ,  t l , e  T i r ~ a l  s t n t e  r s s c h e d  by t h e  g a s  i s  
ca , l le i :  t i l e  s t a % n e t i o n  s tp . te ;  t ; l e  -vraiv-es of 3 ,  S ,  T, p ,  
a n d  h c o r r e s r o n h i u g  t o  S k i s  s t ~ t e  a r e  c a l l e d  t h e  sta,gna- 
t i o n ,  o r  t o t a l ,  v a l u e s .  
I n  o r c e r  t o  c s l c u l a t e  t h e  c h a n s e  of s t a t e ,  t h e  s t e a d y -  
f l o v  e n e r g y  equ2.t i o n  of t h e r r ~ o d y n a ~ ~ i c s  s  enp loyed  w i t h  
t h e  e f f e c t  of g r a v i t y  b e i n g  a s s u ~ l e d -  n e g l i g i b l e  
A s  no e n e r g y  i s  added  t o  t h e  g a s  d u r i n g  t h e  p r o c e s s ,  
The two f o l l o w i n g  e q u a t i o n s  f o r  t h e  change a r e  t h e r e f o r e  
o b t a i n e d  
The i n t e g r a t i o n  o f  b o t h  e q u a t i o n s  g i v e s  
and  
F o r  p s r Z e c t  g a s  
The t e n p e r a t u r e  c o r r e s y o i i d i r g  t o  t h e  t o t a l  s t a t e  i s  t h e r e -  
f o r e  
For  a n  i s e n t r o p i c  chsnge ,  i t  i s  knov~n t h a t  
t h e r e f o r e  
The s t a t i c  p r e s s u r e  p s  i s  o b t a i n e d  w i t h  a s t a t i c  t u b e ,  
whereas  t h e  t o t a l  pressure i s  obtaineG. w i t h  a p i t o t  t u b e ,  
E q u a t i o n  ( 2 )  nay  now be s i n p l i f i e d  a.s f o l l o w s  by 
means of  t h e  d e f i n i t i o n  of t o t a l  e n t h a l p y :  
By d e f i n i t i o n  
. dlz 2 it3 -I- d ( p v )  
and  
TdS f clE + pdv 
t h e r e f o r e  
ah  - TdS + vdp 
A s  a r e s u l t ,  er!.uatioii ( 5 )  becones  
l i o t  a l l .  of t h i s  v o r k  can  be r e g a r d e d  a s  use"! : l ,  The 
work t h a t  i n c r e a s e s  t h e  e n t r o r y  i s  was ted  a s  i s  i2;e o x i r a  
work of c o ~ l p r e s s i o i l  J' vdp, which i s  due k.2 t h e  ZrLr,:;r.c.sed 
t e n p e r a t u r e  caused  b r  t h e  i n c r e a s e  i i l  enfi-,;,;y of t h e  g a s ,  
The u s e f u l  work pe rZoraed  by t h e  s u p e r c h a r g e r  i s ,  accord -  
i n g  t o  e e u a t i o n  ( 9 ) ,  
U s e f u l  vorlc = yfzd r v t a i L  d ~ t  (CIS = 0 )  
where 
Yead 
i s  t h e  s p e c i f i c  vo lune  f o r  i s o n t r o p i c  con- 
p r e  s s i  on ,  
The v a l u e  o f  1 vtad bpt i s  no t  o b t a i o e d  a c c o r d i n g  
t o  t h e  a c t u a l  p r o c e s s  t h a t  t a k e s  p l a c e ,  b u t  a c c o r d i n g  t o  
a n  a d i a b ~ . t i c  i s e n t r o p i c  p r o c e s s ,  I t  i s  e v i d e n t ,  t h e r e -  
f o r e ,  t h a t  t l ie  f t n a l  s t a t e  reaches.  by e d i a b a t i c  i s e n t r o p i c  
cor ipress ion  i s  no t  t h a t  r.rhic:i i s  r eached  i n  t h e  a c t u a l  
c o n p r e s s i o n  :3rocess. A s  a r e s u l t ,  t h e  uzjper l i n i t  f o r  
t h e  i n t e g r a l  dpt i s  no t  d e t e r x i n e d .  2h.e p r e s e n t  
p 2 a c t i c e  i s  t o  reg<:rd tl ie f i n a l  p r e s s u r e  of t h e  a i r  a s  
t h e  in;3ortaiit f a c t o r  a,nd- t o  r e g a r d  a s  u s e f u l  t h a t  v?ork 
vrliich i s  n e c e s s a r y  t o  produce t h e  g iven  p r e s s u r e  r i s e .  
Hence, t h c  f i n a l  p r e s s u r e  of t h e  i s e n t r o p i c  p r o c e s s  i s  de- 
f i a e d  a s  t h a t  of t h e  nctual n r o c e s s .  The cor respond ing  
tenyer,-,Lure !I! i s  less t h a n  t l i a t  a c t u a l l y  r eached ,  
t a d  Pt ,*  
F ron  e q u a t i o n  ( 8 )  T o r  aag i s e n t r o p i c  p r o c e s s ,  
The f o r e g o i n g  e q u a t i o n  r e p r e s e n t s  t h e  ! . sea t ropic  i n c r e a s e  
i n  f o t 3 2  c n t h a l p y .  
F r o n  e q u a t i o n s  ( l o ) ,  (XI), ( 1 2 1 ,  t h e  f o l l o w i n g  equa- 
t i o n  i s  obta,ined: 
The u s e f u l  w o r k  inpu-t t o  t h e  gas p e r  u n i t  n a s s  i s ,  t h e r e -  
f o r e  , ~ ~ F u c b o  D 
F o r  a n  isentro:3ic comyress ion ,  
and  
0 I f  c.. i s  i n  B tu  p e r  pound p e r  F ,  t h e  f a c t o r  J, 778 P 
foot-pound- p e r  B t u ,  i s  r e q u i r e d  t o  e x p r e s s  Had- i n  f o o t -  
pounds  p e r  pound ( lgass) .  
The r r e s s u r e  c o e f f i c i e n t  i s  d e f i n e d  a s  
I t  i s  s e e n  f r o n  t h e  f o r e ~ ~ o i n g  3 L i s ~ ~ ~ s i o n  t h a t , i f  B a a  i s  
regarded-  as  t h e  n s e f u l  work o u t p u t ,  q,a i s  t h e  r a t i o  of 
t h e  u s e f u l  work o u t ~ u t  t o  t h e  nasimun work o u t p u t  t h a t  . 
can  be o b t a i n e d  from a, r a d i a l l y  b l a d e d  n a c h i n e  o p e r a t i n g  
a t  t h e  s a x e  t i p  cgeed .  Because v d o e s  n o t  repyc.sent  
t h e  s c t u a l  ~ - i o r k  in??u t ,  qad i s  no t  s n  e f f i c i e n c y  r a k i n g  
b u t  might  be n o r e  l e g i t i m a t e l y  r e g a r d e d  as a c a p a c i t y  ra t -  
i n g ,  I t  i s  c a l l e d  a c o e f f i c i e n t .  
The a d i a b a t i c  e f f i c i e n c y  i s  d e f i n e d  a s  t h e  r a t i o  o f  
t h e  u s e f u l  ene rgg  r e c e i v a d  by t h e  g a s  t o  t h e  n e t  encTgy 
i n c r e a s e  o f  t h e  g a s .  The t o t a l  ene rgy  i n c r e a s e  i n c l u i ~ e s ,  
i n  acI . i i t ion t o  t h e  u s e f u l  e n e r g y  r e c e i v e d ,  e n e r g y  t h a t  i s  
u s e l e s s  and t h a t  may t h e r e f o r e  be reiyar3ed e s  a  l o s s ,  
T h i s  e n e r g y  l o s s  i s  dxe t o  e d d i e s ,  s k i n  f r i c t i o n ,  d i s k  
f r i c t i o n ,  and  shock waves. 















































































































































































An e x a c t  a n a l y s i s ,  which v o u l d  e l i m i n a t e  t h e  n e c e s s i t y  
f o r  making t e s t s ,  i s  n o t  c r a c t i c a b l e ;  t h e r e f o r e  t h e  meth- 
od of d i m e n s i o n a l  a n a l y s i s  i s  u s e d .  I n  o r d e r  t o  a p p l y  
t h i s  method, i t  i s  n e c e s s a . r y  f i r s t  t o  f i n d  unon what p r i -  
mary v a r i a b l e s  t h e  o-perat ioi i  depends  and  t h e n  t o  u s e  t h e  
a n a l y s i s  t o  r e d u c e  t h e  nuobe r  of t h e s e  v a r i a b l e s ,  
T h e o r e t i c a l l y ,  i t  i s  p o s s i b l e  t o  u s e  t h e  E u l e r  equa- 
t i o n  of hydrodynamics ,  t h e  e q u a t i o n  of c o n t i n u i t y ,  and  
t h e  e q u a t i o n  of s t a t e  of t h e  g a s  f o r  f r i c t i o n l e s s  f l o w  
(pvY = K) t o  o b t a i n  t h e  a d i a b a t i c  work Fad f o r  f r i c t i o n -  
l e s s  f l o w ,  The r e s u l t  would  b e  a n  e q u a t i o n  of t h e  form 
O t h e r  v a r i a b l e s  i n v o l v i n g  t h e  number of b l adGs ,  t h e i r  
s h a p e ,  and o t h e r  f a c t o r s  d e p e n d i n g  u ~ o n  t h e  g e o r e t r y  of t h e  
s u m e r c h a r g e r  would a l s o  b e  i n v o l v e d  b u t ,  f o r  a g i v e n  su-  
p e r c h a r g e r ,  t n e y  ~ ~ r o u l d  b e  c o n s t  ~ . n t  s  a.ad no t  v a r i a b l e s ,  
I n  t h e  a c t u a l  c a s e ,  v a r i o u s  l o s s e s  must b e  t a k e n  i n t o  
a.ccour-t S e c s u s e  t h e  l o s s e s  r e d u c e  t h e  a v s i l a b l e  Had.  I n  
f l o w  t h r o u g h  a  p i p e ,  t h e r e  i s  a n  i n c r ~ 2 s e  of e n t r o ~ y  de- 
t e r m i n e d  bg t h e  equ~ i . t i on  
The f r i c t i o n  f a c t o r  f  i s  z f u n c t i o n  of t h e  Reyno lds  num- 
b e r  and of t h e  roughness  of  t h e  p i p e .  A t  t h e  hj.gh Reynolds  
numbers t h a t  o c c u r  i n  t h e  f l o w  of a i r  t k r o u g h  t h e  i m n e l l e r  
and  t h e  d i f f u s e r ,  t h e  f a c t o r  f  i s  n r a c t i c a l l y  a c o n s t a n t .  
The v e l o c i t y  i n v o l v e d  i n  t h i s  l c s s  i s ,  i n  t h e  i m p e l l e r ,  
p r o p o r t i o n a l  t o  t h e  q u a n t i t y  Q/D~. I n  t h e  d i f f u s e r ,  t h e  
i m p o r t a n t  component of t h e  v e l o c i t y  i s  t h e  t a n g e n t i a l  com- 
p o n e n t ,  which i s  a p p r o x i m a t e l y  p r o p o r t i o n a l  t o  V ,  t h e  
t i p  s p e e d .  The f r i c t i o n  l o s s  i s  g i v e n  a s  a  f u n c t i o n  of 
4, V, and  D .  Th i s  f r i c t i o n  l o s s  t a k e s  i n t o  a c c o u n t  t h e  
t u r b u l e n c e  l o s s e s .  T5e f u r t h e r  l o s s e s  due t o  s h o c k  
i n c r e a s e  i f  t h e  f l u i d  e x c e e d s  t h e  l o c a l  v e l o c i t y  of sound 
and  a r e  due t o  t h e  c o x p r e s s i b i l i t y  of t 3 e  f l u i d .  The com- 
p r e s s i b i l i t y  c a n  be r e p r e s e n t e d  b y  t h e  v e l o c i t y  of sound 
( r e f e r e n c e  1 ) .  The Mach nun5er  ~ / a  i s  a n  i n d e x  of t h i s  
l o s s .  Windage l o s s e s  and  l ~ a k a g e  l o s s e s  do not  i n v o l v e  any 
v a r i a b l z s  no t  y 3 t  c o n s i d s r e e .  S i a c e  Y i s  a  c o n s t a n t  f o r  
f o r  a i r ,  f o r  a g i v e n  s u p e r c h a , r g ~ r  w i t h  l o s s e s  t l i e  n ~ r f o r m -  
a n c e  may be r e p r s ~ e n t ~ s d  b y  some fo rmula  a s  
Accord ing  t o  t h e  d i m s n s i o n a l  method of a n a l y s i s ,  t h e  
f u n c t i o n  on t h e  r i g h t - h a n d  s i d e  of t h e  e q u a t i o n  i s  ex- 
panded  i n t o  a n  i n f i n i t e  s e r i e s ,  e a c h  t e r m  of which  con- 
t a i n s  a  d i m e n s i o n l e s s  c o n s t a n t  m u l t i p l i e d  by  t h e  p r o d u c t  
of a l l  t h e  v e r i a b l e s ,  e a c h  r a i s e d  t o  a, d i f f e r e n t  power. 
These potrers  v a r y  f rom t e r m  t o  t e r m ,  b u t  d i m e n s i o n a l  con- 
s i d e r a t i o n s  show t h a t  t h e  r e s u l t a n t  d imens ions  of e a c h  
t e r m  ( i n  p o v e r s  of t h e  p r i m a r y  d i m e n s i o n s ~ a s s ,  l e n g t h ,  
and  t i m e )  must b e  t h e  same a c d  must 5 e  e o u a l  t o  t h e  dtmen- 
s i o n s  of t h e  l e f t - h a n 6  s i d e  of t h e  e q u a t i o n .  The r e s u l t  
i s  t h r e e  c o n d i t i o n a l  e q u a t i c n s  f o r  t h e  e m o a e n t s  of each  
t e r m ,  whicli e s t a b l i s h  c e r t a i n  r e l a t i o n s  betvreen t h e  ex- 
p o n e n t s  t h a t  a l l o w  ti le v a r i z b l e s  t o  b e  g rouped ,  t h u s  com- 
b i n i n g  th ;  o r i g i n a l  v n r i a b l e s  i n t o  t ~ % r o  g roups  t h ~ t  may b e  
r e g a r d e d  a s  t h e  v a r i a b l e s  a g a i n s t  arhich t h e  ~ e r f o r m a - n c e  
nay  b e  p l o t t e d ,  
A 1 1  t h e  v a r i a b l e s  i n  t h i s  e q u a t i o n  a r e  d i m e n s i o n l e s s .  
The p r o c e d u r e  f o r  t h e  c a l c u l a t i o n  of Ha,& i s  a p ~ l i -  
c a b l e  t o  t h e  c a l c u l a t i o ~  of E, s o  t h a t  t h e  r a t i o  of 
X a s d / ~  z a g  b e  s t a t s d  a s  
The d e t a i l e d  d e r i v a t i o n  of t h i s  e q u a t i o n  may b e  o b t a i n e d  
from r e f e r e n c e s  2 and 3. I t  i s  e a s i l ~  s e e n  +;hat rad i n  
t h e  l a s t  f o r n u l a  may r e p r e s e n t  a n y  d i m e c s i o n l e s s  pa rane -  
t e r  d e s c r i b i n g  t h e  a c t i o n  of t h e  s u p e r c h a r g e r ,  s-ach as 
t h e  p r e s s u r a  r a t i o .  I t  h a s  b e e n  assumed t h a s  t h e  e f l e c t  
of v a r i a t i o n  of h e a t  t r a ~ s f e r  on t h e  s u p e r c h n r g e r  parnme- 
t e r s  i s  s m a l l ;  a s  a  r e s u l t  t h i s  f a c t o r  v i l l  be i g n o r e d ,  
even  though  i t  i s  p r e s e n t ,  i n  much t h a  same manner a s  t h e  
e f f e c t  of c h a s g e s  of t h e  Raynolds  number have b e e n  neg- 
l e c t  ed b e c s u s  e  of t h e  sni2.11 r e s u l t a n t  cha.ngc-s i n  s n p e r -  
c h a r g e r  p e r f o r m a n c e .  The v a l i c t i t y  of t h e  hc:a.t-transf a r  
asnurr.-ption i s  lzo~nr b e i z g  i n v e s t i g q t e d  s t  t h e  S,ar,gley Memor- 
i q l  A e r o n a u t i c n l  L a b o r a t o r y .  I f  t h e  h e a t  l o s s e s  a r e  neg- 
l e c t e d ,  t h e  a f o r e m e n t i o n s d  f o r m u l a  f o r  qad i s  q u i t e  
g e n e r a l  a,nd s i m i l a r  f o r m u l s s  may b e  o b t a i n e d  f o p  n S ,  
q,dp a."d a r e s s u r e  r a t i o .  
The v e l o c i t y  02 sound i n  a g a s  i s  p r o p o r t i o n a l  t o  t h e  
s q u a r e  r o o t  o f  t h e  g r o d u c t  of 'Y, R ,  and 9 ( r e f e r e n c e  4 ) .  
I n  t h e  c o r r e l a t i o n  of t h e  d a t a  f o r  a g i v e n  s u p e r c h a r g e r ,  
Y, R ,  and  D a r e  c o n s t a n t s ,  so  t h a t  t h e  t e s t  r e s u l t s  may 
be p l o t t e d -  accord . ine  t o  t l ie e q u a t i o n  
where V i s  e q u a l  t o  nDn. I f  i t  i s  assume& t h a t  t h e  e f -  
f e c t  of i n l e t  t e m p e r a t u r e  on t h e  !Tach number i s  s m a l l ,  t h e  
fo l lox? ing  fo rmula  i s  evo lved .  I t  i s  t h e  one i n  p r e s e n t -  
day  u s e :  
T h i s  e q u a t i o n  means t h a t  t h e  per formance  of  t h e  super-  
c h a r g e r  i s  r l o t t e d  a g a i n s t  t h e  l o a d  c o e f f i c i e n t  Q/n 
a s  a v a r i a b l e ,  vrith t h e  i m p e l l e r  t i p  speed  V a s  a-param- 
e t e r ,  The re  i s  t h e  : 3 o s s i b i l i t y  t h a t  t h e  f a c t o r  T may 
a f f e c t  t h e  r e s u l t s  s u f f i c i e n t l y  t o  p r e v e n t  t h e  b e s t  c o r r e -  
l a t i o n  of  CLata; f o r  e::ample, a change of t h e  i n l e t - a i r  
t e m p e r a t u r e  from 70' B t o  100' F c o r r e s p o n d s  t o  a change 
of 600 r p n  w i t h  an  o r i g i n a l  i m p e l l e r  speed  of 20,000 rpm 
f o r  a  c o n s t a n t  IIech number. 
Sf i t  i s  assumed t h a t  
t h e n  f o r  a g i v e n  t i ?  speed and volume TIY i s  a c o n s t a n t  
o r  
T , Y  = 5 1 9 , 6 ( ~ ) , ,  
On t h i s  p remise  t h e  p r e s s u r e  r a t i o  a t  60' 3' i s  c a l c u l a t e d .  
I t  i s  t o  be  n o t e d  t h a t ,  i f  t h e  d i m e n s i o n l e s s  r a t i o  
had  been u s e d  i n s t e a d  of t h e  d i m e n s i o n l e s s  r a t i o  
qZd i n  t h c  r e l a t i o n s h i p  
t h e  r e s u l t  vrould have been a  c o n s t a n t  v a l u e  f o r  p2/y1 
f o r  ?;iven v a l u e s  of volume f l o w  and t i p  speed ,  r e g a r d l e s s  
of  i n l e t  t e n p e r a t u r e .  T h i s  same r e s u l t  i s  o b t a i n e d  i f  t h e  
f a c t o r  1 i s  no t  n e g l e c t e d  i n  t h e  iiach number, r e g a r d -  
l e s s  of 1:rhether p2 /p l  o r  qad i s  u s e d  i n  t h e  d e r i v a t i o n .  
T e s t s  a r e  norq b e i n g  conducted  a t  t h e  Lang ley  l iemorial  Aero- 
n a u t i c a l  L a b o r a t o r y  t o  d e t e r m i n e  which a s sumpt ion  b e s t  
a g r e e s  v i t h  t e s t  ~.esults. 
T3ST RTGS 
I f  a s u p e r c h a r g e r  i s  r a t e d  w i t h  t h e  purpose  of e v a l -  
u a t i n g  i t s  p a r t s  i n  o r d e r  t o  improve d e s i g n ,  t e s t s  must 
be p l a n n e d  t o  p e r m i t  t h e  s e p a r a t e  e v a l u a t i o n  of e a c h  of  
t h e  p a r t s ;  a r a t i n g  i n v o l v i n g  o t h e r  p a r t s  of t h e  super- .  
c h a r g e r  nay ?re11 o b s c u r e  t h e  a c t u a l  v a l u e s  of t h e  p a r t s  
b e i n g  ra ted- .  I f ,  f o r  i n s t a n c e ,  a number of i m p e l l e r s  have 
been t e s t e d  w i t h  a g i v e n  d i f f u s e r  and one of t h e s e  h a s  been  
found t o  be c l e l i n i t e l y  no re  e f f i c i e n t ,  a  r a t i n g  i n v o l v i n g  
t h e  i m p e l - l e r - d i f f u s e r  combinat ion  b e i n g  u s e d ,  t h i s  h i g h e r  
e f f i c i e n c y  may p o s s i b l y  be due t o  t h e  i m p e l l e r - d i f f u s e r  
combination.. I t  i s  p o s s i b l e  t h a t  a n  i n f e r i o r  i m p e l l e r  may 
show up  a s  s u p e r i o r  when combined w i t h  t h e  c o r r e c t  d - i f -  
f u s e r .  
i i o s t  of t h e  t e s t s  p r e v i o u s l y  conducted  by t h e  iTACA 
f o r  t h e  pu rpose  of s t a n a a r d i  z a t  i o n  of p r o c e d u r e  have been  
aimec- at t h e  t e s t i n g  of t h e  e n t i r e  combina t ion  of  i m p e l l e r ,  
clif f u s e r ,  c o l l e  c t  o r  c z s e ,  ~ . n d  h o u s i n g  of t h e  s u p e r c h a r g e r  
w i t h  no though t  of c y l i n d e r  d u c t s ,  c a r b u r e t o r ,  and o t h e r  
e n g i n e  i n s t a l l a t i o n  a c c e s s o r i e s .  The c h i e f  conce rn  i n  de- 
s i g n i n g  any  t e s t  r i g  i s  t h a t  i t  plzaI.1 perrliit a c c u r a t e  
measurements  o f  t h e  a i r - s t r e a m  c o n d i t i o n  i n  f r o n t  of and  
b e h i n d  t h e  s u p e r c h a r g e r .  D i f f i c u l t i e s  a l r e a d y  e n c o u n t e r e d  
i n  o b t c i n i n g  t e s t  r e s u l t s  t h a t  a g r e e  i n  v a r i o u s  l a b o r a t o -  
r i e s  have  been caused  by improper  t e s t  r i g s  a s  w e l l  a s  by 
improper  o r  f a u l t y  i n s t r u m e n t a t i o n  of t h e  r i g .  
Care must be tzlcen i n  any t e s t  r i g  t o  o b t a i n  p r e s s u r e  
and t e n p e r a t u r e  measurements i n  a p l a n e  where t h e  a i r  
s t r eam i s  homogeneous and- where t h e r e  i s  no a x i a l  c i r c u l a -  
t i o n  t o  g i v e  i n c o r r e c t  p i t o t - t u b e  r e a d i n g s .  I n  o r d e r  t o  
e s t a b l i s h  a p r a c t i c a l l y  homogeneous f l o w ,  i t  i s  n e c e s s a r y  
t h a t  2- s u f f i c i e n t  l e n g t h  o f  s t r a i g h t  p i p e  be ups t r eam and 
do1:~nstream o f  t h e  measurement p l a n e s .  A l though  t h e r e  i s  
r e a s o n  t o  cloubt t h e  g e n e r a l  u s e f u l n e s s  of t h e  r u l e ,  a n  a t -  
tempt i s  u s u a l l y  made t o  have a s t r a i g h t  s e c t i o n  of p i p e  
1 2  p i p e  d i a m e t e r s  Lon<; i n  f r o n t  02 each  measurement p l a n e .  
I f  t h e  c r o s s  s e c t i o n  of t h e  p i p e  i s  r e c t a n g u l a r ,  t h i s  
l e n g t h  i s  made twe lve  t i m e s  t h e  s m a l l e r  d imens ion  of t h e  
c r o s s  s e c t i o n .  A s t r a i g h t  s e c t i o n  of p i p e  a t  l e a s t  3 p i p e  
d i a i i ~ e t e r  s  l o n g  s h o u l d  f o l l o w  t h e  o u t l e t  measurement p l a n e s .  
The n e a s u r e x e n t  p l a n e  i n  t h e  i n l e t  d u c t  i s  t w i c e  t h e  s m a l l -  
e s t  d imens ion  of t h e  c r o s s  s e c t i o n  of t h e  d u c t  from t h e  
i n l e t  f l a n g e  of t h e  s u p e r c h a r g e r  h o u s i n g ,  A t  t h i s  l o c a -  
t i o n  i t  h a s  g e n e r a l l y  been found t h a t  t h e r e  i s  no s w i r l  i n  
t h e  a i r  s t r e a m ,  a l t h o u g h  r o t a t i o n  d o e s  e x i s t  c l o s e r  t o  t h e  
i m p e l l e r ,  and t h a t  t h e  i n l e t  t e m p e r a t u r e s  a r e  n o t  a f f e c t e d  
by t h e  h o t  c a s e  o r  b a c k f l o v  of t h e  a i r .  T o t a l - p r e s s u r e  
and t e n p e r a t u r e  r e a d i n g s  a r e  t a k e n  by i n s e r t i n g  t h e  meas- 
u r i n g  d e v i c e s  i n t o  t h e  s t r eam a d i s t a n c e  e q u a l  t o  one- 
t h i r d  o f  t h e  3 - i s t a n c e  a c r o s s  t h e  s t r e a m ,  I f  t h e  f low i s  
p r a c t i c a l l y  homogeneous, measurements  t a k e n  a s  i n d i c a t e d  
w i l l  g i v e  r e a d i n g s  t h a t  a r e  abou t  a v e r a g e  f o r  t h e  c r o s s  
s e c t i o n .  
l leesurements  a r e  g e n e r a l l y  t a k e n  i n  two o u t l e t  p i p e s  
a t  a 6 - i s t ance  1 2  p i p e  d i a m e t e r s  from t h e  d i s c h a r g e  p o r t  
f l a n g e  a s  p r e v i o u s l y  ment ioned .  I t  h a s  been  shown i n  one 
c a s e  t h a t  a p i p e  l e n g t h  of 20 p i p e  d i a m e t e r s  was not  s u f -  
f i c i e n t  t o  e l i m i n a t e  r o t a t i o n .  The b e s t  p r o c e d u r e  i n  t h e  
l i g h t  of p r e s e n t  knov~ledge  i s  t o  condu-ct a y r e l i m i n a r y  
s u r v e y  of t h e  a i r  s t r e a n  t o  d e t e r m i n e  i f  i t  i s  uni form.  
I f  i t  i s  n o t  un i fo rm,  s i n g l e  r e a d i n g s  o b t a i n e d  i n  any  one 
p i p e  cenno t  be  u s e d ,  I n  a d d i t i o n  t o  t h e  f a c t  t h a t  t h e  
s t r e a m  may not  be u n i f o r m  i n  any  one p i p e ,  i t s  u n i f o r m i t y  
may v a r y  s o  much from p i p e  t o  p i p e ,  t h a t  d a t a  t a k e n  i n  two 
p i p e s  may no t  g i v e  a r e p r e s e n t a t i v e  p i c t u r e  of t h e  a v e r -  
a g e  streaii l  c o n d i t i o n  f o r  t h e  s u p e r c k a r g e r  . The impor tance  
of t h i s  v a r i a t i o n  i s  i l l u s t r a t e d -  by u n p u b l i s h e d  r e s u l t s  
of t e s t s  conducted  a t  t h e  Lang leg  Ilernosial A e r o n a u t i c a l  
L a b o r a t o r y .  I n  t h e s e  t e s t s ,  s even  of t h e  o u t l e t  p o r t s  o f  
t h e  c o l l e c t  o r  c a s e  v e r e  p lugged  and t h e  r e m a i n i n g  seven  
v e r e  c o n n e c t e d  by d i s c h a r g e  s t a c k s  of unequa l  l e n g t h  t o  a 
c o l l e c t o r  r i n g .  Da ta  v e r e  t a k e n  i n  t w o  of t h e  s t a c k s  1 2  
p i p e  d i a m e t e r s  from t h e  s u p e r c h a r g e r  d i s c h a r g e  p o r t s .  
Tha t  t h e s e  d a t a  were no t  s u f f i c i e n t  t o  o b t a i n  a t r u e  
s t r e a m  p i c t u r e  i s  i n d i c a t e d  by t h e  f a c t  t h a t  neasu remen t s  
s u b s e q u e n t l y  t a k e n  i n  a l l  seven  p i p e s  2 p i p e  d i a m e t e r s  
from t h e  d i s c h a r g e  p o r t s  s h o ~ ~ ~ e d  v a r i a t i o n s  i n  p r e s s u r e  of 
0,9 i n c h  of mercury.  
A t e s t  r i g  f o r  t,he s e p a r a t e  e v a l u a t i o n  of t h e p a r t s  of 
a s u p e r c h a r g e r  h a s  been  d e s i g n e d  and b u i l t .  T h i s  r i g  i s  
known as  t h e  var iab le-component  s u p e r c h a r g e r  t e s t  r i g ;  
g e n e r a l  v iews  of t h e  t e s t  r i g  a r e  shown i n  f i g u r e s  1 anil 
2,  Two d-iagrarnmatic s k e t c h e s  of t h e  r i g  a r e  shown i n  f i g -  
u r e s  3 and 4: The t e s t  r i g  p r o p e r  c o n s i s t s  of a  c o l l e c -  
t o r ,  t h e  f r o n t  h a l f  of which i s  to rus - shaped  and i n  vrhich 
F-re p l a c e d  a n  i n p e l l e r ,  a d i f f u s e r ,  and a n  i n l e t  a d a p t e r  
t o  vrhi ch  t h e  i n l e t  p i p e  i s  at tache$. .  The l a r g e  c o l l e c t o r  
forms a chamber i n t o  ~ i h i c h  t h e  a i r  i s  d i s c h a r g e d  from t h e  
d i f f u s e r  and i n  v h i c h  t h e  p r e s s u r e  i s  e q u a l i z e d .  Two l o n g  
p i p e s  Ere  g t t a c h e d  t o  t h e  c o l l e c t o r  and form t h e  o u t l e t  
d u c t s .  These p i p e s  a r e  l o n g  enough t o  p e r m i t  measureuents  
t o  be mag-e i n  t h e n  a c c o r d i n g  t o  t h e  s t a n d a r d s  d e s c r i b e d  
i n  t h i s  paper .  These o u t l e t  p i p e s  a r e  connec ted  t o  l a r g e  
bends vrhich, i n  t u r n ,  connect  by means of l o n g  s t r a i g h t  
p i p e s  t o  a  common o u t l e t  g l a c e d  benea th  t h e  r i g ,  T h r o t t l e  
v a l v e s  a r e  rle.ced i n  both  t h e  i n l e t  and t h e  o u t l e t  t o  reg-  
u l a t e  t h e  f l o w  and p r e s s u r e .  The i m p e l l e r  i s  d r i v e n  
t h r o u g h  a g e a r  box by some u n i t ,  vh ich  i n  f i g u r e  5 i s  a n  
i n t e r n a l - c o m b u s t i o n  eng ine .  A dynamometer i s  t o  be p r e z .  
f e r r e d  t o  a n  i n t e r n a l - c o m b u s t i o n  eng ine  because  t h e  speed 
v a r i a t i o n  w i t h  a  dynamometer i s  smal l .  A l a r g e  o r i f i c e  
t a n k ,  w i t h  e i t h e r  s t h i n - p l a t e  o r i f i c e  o r  a n o z z l e  i n  pne 
end t o  measure t h e  q u a n t i t y  of  a i r ,  i s  a t t a c h e d  t o  t h e  i n -  
l e  %, p i p e .  The l a r g e  box shown i n  f i g u r e s  1 and 2 around 
t h e  c o l l e c t o r  i s  l a g g e a ;  as  a r e s u l t ,  h e a t  l o s s  from t h e  
r i g  t o  t h e  a i r  i s  n e g l i g i b l e .  Tho o u t l e t  p i p e s  a r e  a l s o  
l a g g e d .  S e v e r a l  views of t h e  component p a r t s  of t h e  r i g  
a r e  shown i n  f i g u r e s  5 ,  6, and 7 .  1,Ieasurements of p r e s -  
s u r e s  and t e m p e r a t u r e s  i n  t h e  i n l e t  and o u t l e t  p i p e s  a r e  
made i n  p o s i t i o n s  de termined by s t a n d a r d s  d e s c r i b e d  i n  
t h i s  p a p e r  f o r  t e s t i n g  t h e  combinat ion  of i m p e l l e r ,  d i f -  
f u s e r ,  c o l L e c t o r  c a s e ,  and hous ing .  
Inasinuch a s  few t e s t s  have been made t o  d a t e  on t h i s  
r i g ,  q u e s t i o n s  a s  t o  t h e  u n i f o r m i t y  of f l o w  and s i m i l a r  
q u e s t i o n s  cannot  be answered.  I t  i s  t h o u g h t ,  however, 
t h a t  t h i s  r i g  i s  more e f f i c i e n t  t h a n  a r i g  w i t h  a number 
o f  d i s c h a r g e  p i p e s  a t t a c h e d  t o  t h e  s u p e r c h a r g e r  c o l l e c t o r  
case  because  i t  g i v e s  r e s u l t s  t h a t  more t r u l y  r e p r e s e n t  
t h e  a c t u a l  performance of t h e  i m p e l l e r  and d i f f u s e r ,  
1~IEhSURIHG IBSTRUMEBTS 
With r e g a r d  t o  t h e  use  o f  n o z z l e s  o r  t h i n - p l a t e  o r i -  
f i c e s  as  mete r ing  o b s t r u c t i o n s  f o r  mass-flow measurements,  
5 ,  L, Hodgson i n  a  d i s c u s s i o n  of r e f e r e n c e  5 ,  which i s  
p u b l i s h e d  w i t h  t h a t  a r t i c l e ,  s t a t e s :  ['The v ~ r i t e r  i s  corn- 
i n g  more nnd more t o  t h e  view t h a t ,  provided- t h e  m e t e r i n g  
o b s t r u c t i o n  i s  a c c u r a t e l y  c a l i b r a t e d  over  t h e  f low r a n g e  
. . . ., i t  r n ~ ~ t t e r s  l i t t l e  ~ i h a t  s i m p l e  form of measur ing  0%- 
s t r u c t i o n  i s  used  ...... . I t  i s  s e l f - ev ic l en t  t h a t  t h e  
more e l abora - t e  t h e  c o n t o u r  of t h e  m e t e r i n g  o b s t r u c t i o n  i s ,  
t h e  n o r e  d i f f i c u l t  i t  w i l l  be t o  reprod.uce i t  w i t h  accu-  
r a c y  and make u s e  o f  p r e v i o u s  c a l i b r a t i o n s  of s i n i l a r  me- 
t e r i n g  o b s t r u c t i o n s .  A s  i s  ~ r e l l  known, v e r y  a c c u r a t e  r e -  
s u l t s  cen  be o b t a i n e ?  by neans  of a square-efi-ged o r i f i c e  
i n  a t h i n  p l a t e . "  Z x p e r i n e n t a l  c o n f i r m a t i o n  h a s  been ob- 
t a i n e i  by t h e  :ACA of  t h e  s t a t e m e n t  t h a t  e q u a l l y  accu-  
r a t e  r e s u l t s  can  be o b t a i n e d  v i t h  e i t h e r  n o z z l e s  o r  t h i n -  
> l a t e  o r i f i c e s ,  With t h i n - p l a t e  o r i f i c e s ,  c a l i b r a t i o n  
c u r v e s  a r e  r r e l l  known. I n  c o n t r a s t  t o  p r a c t i c e  w i t h  noz- 
z l e s ,  small p r e s s u r e  d i f f e r e n c e s  111ust be u s e d .  A comple te  
accoun t  of t h e  u s e  of t h i n - p l a t e  o r i f i c e s ,  i n c l u d i n g  i n -  
s t r u n e n t a t i o n  and a  comple te  b i b l i o g r a p h y  of t h e  s u b j e c t ,  
i s  g i v e n  i n  r e f e r e n c e  6 ,  For  i n s t a l l a t i o n s  i n  which t h e  
a i r - n e n s u r i n g  a p p e r a t u s  i s  p l a c e d  a t  t h e  e x i t  of t h e  t e s t  
r i g , ' T h e  h.S.BI,E. exf t n o z z l e  z i v e s  s a t i s f a c t o r y  r e s u l t s .  
A l though  t h e  d e s i g n  of  t h e  t o t a l - p r e s s u r e  t u b e s  i n  
u s e  v a r i e s  somewhat, t e s t  r e s u l t s  show t h a t  good agreement  
e x i s t s  between t h e  v a r i o u s  p i t  o t  t u b e s .  An ar rangement  
u s e d  t o  make a  s u r v e y  of t h e  t o t a l  p r e s s u r e  a c r o s s  a d u c t  
i s  shown i n  f i g u r e  8 .  
F o r  a l l - round-  u s a g e ,  i t  a p g e a r s  t h a t  t h e  p i t o t - s t a t i c  
tube  ~ i v e s  n o r e  r e l i a b l e  s t a t i c - p r e s s u r e  n e a s u r e n e n t s  t h a n  
t h e  ~ r n l l - s t a t i c  t u b e ,  a l t h o u g h  c a r e f u l l y  c o n s t r u c t e d  w a l l  
t a p s  v i t h  a-11 b u r r s  renovecl s h o u l d  ~ i v e  r e l i a b l e  r e s u l t s .  
The w a l l - s t a t i c  t u b e s  a p p a r e n t l y  g i v e  r e s u l t s  tha t  a r e  t o o  
h i g h  when r o t a t i o n  i s  p r e s e n t  i n  t h e  p i p e .  T h i s  explana-  
t i o n  I s  suiibortec? by t h e  f:tct t h a t  i n l e t  w a l l - s t , z t i c  meas- 
ureli ients a r e  b e t t e r  t h a n  t h o s e  ta?:en a t  o u t l e t s  where much 
g r e a t e r  r o t a t i o n  n i g h t  be e x p e c t e d ,  I n  f a c t ,  o u t l e t  w a l l -  
s t a t i c  neasuqreiaeat s  f r e q u e n t l y  shov~ v a l u e s  g r e a t e r  t h a n  
t h e  t o t a l - p r e s s u r e  r e a d i n g s  a t   lo^ volume f l o w s  when r o -  
t a t i o n  becomes a n  i m y o r t a n t  p a r t  of t h e  mot ion .  The a c t u a l  
s t a t i c  p r e s s u r e  a t  o n e - t h i r d  of t h e  duc t  w i d t h  i n t o  t h e  
s t r e a n ,  hov~ever ,  would depend u r o n  t h e  arilount of s w i r l  and  
may n o t ,  t h e r e f o r e ,  be a much b e t t e r  i n d . i c a t i o n  of t h e  
t r u e  a v e r a g e  v a l u e  t h a n  t h a t  obta , ined by t h e  w a l l  t a p .  I t  
i s  t h e r e f o r e  a n  i m p o r t a n t  m8t t e r  t h a t  s w i r l  be e l i m i n a t e d  
where p o s s i 5 l e  and t h a t  p r e s s u r e  t u b e s  be c o r r e c t l y  o r i e n t -  
ed  ( n o t  n e c e s s a r i l y  a x i a l l y ) ,  With s w i r l  p r e s e n t ,  i t  i s  
imports ,nt  t o  t a k e  s e v e r a l  r e a d i n g s  i n  each  d u c t ,  
As h a s  been b rough t  o u t  i n  t h e  s t a n d a r d  t e s t  p r o c e d u r e  
( r e f e r e n c e  7), t h e r n o c o u p l e s  a r e  use& f o r  measuring temger- 
e t u r e s *  Temperature p robes  a r e  now b e i n g  made t o  g i v e  ac-  
c u r a t e  neasu-renent s of t o t a l  t e m p e r a t u r e .  The v a l u e  o f  
such p r o b e s  i s  t h a t ,  because t h e i r  r e c o v e r y  c o e f f i c i e n t s  
2 r e  n e a r l y  e q u a l  t o  u n i t y ,  t h e  c a l c u l a t i o n  of o u t l e t  t o t a l  
t e m p e r a t u r e s  by means of s t a t i c  p r e s s u r e s  of q u e s t i o n a b l e  
a c c u r a c y  i s  e l i m i n a t e d .  Where a n  or8.inary thermocouple i s  
u s e d ,  i t  s l ~ o u l d  be c a l i b r a t e d  i n  o r d e r  t o  de te rmine  t h i s  
c o e f f i c i e n t .  
The method of c a l i b r a t i n g  t h e r n o c o u ~ p l e s  i s  a s  fo l lows :  
If  a  thermometer i s  p l a c e d  i n  a  moving a i r  s t r eam,  i t  w i l l  
r e a d  h i g h e r  t h a n  t h e  a c t u a l  t e m p e r a t u r e  because  of t h e  s t a g -  
n a t i o n  of t h e  a i r  s t r e a n  i n  i t s  v i c i n i t y .  If t h e  a d j a c e n t  
l a y e r  were t o  be stoppe3- e n t i r e l y ,  t h e  thermocouple >rould 
r e g i s t e r  t h e  t o t a l  t e m p e r a t u r e .  bfost thermometr ic  d e v i c e s  
do n o t  r e c o v e r  a l l  t h e  k i n e t i c  ene rgy  and ,  a s  a  r e s u l t ,  
i n s t e a d  of t h e  r e a d i n g  b e i n g  
t h e  d e v i c e  r e a d s  
For s p e c i a l l y  c o n s t r u c t e d  t h e ~ s o m e t r i c  p r o b e s ,  t h e  c o e f f i -  
c i e n t  o f  r e c o v e r y  a i s  u n i t y .  For  thermometers  and t h e r -  
mocouples a i s  more n e a r l y  0.5 and 0 , 8 ,  r e s p e c t i v e l y ,  
~ r o n  e q u a t i o n  ( 4 )  
and t h e  fo l lovr ing  e q u a t i o n  i s  ob ta ined :  
which, i n  t u r n ,  becoaes  from e q u a t i o n  (17) 
I f  t h e  equat io iz  i s  s o l v e d  f o r  T s ,  
where Ap = p t , -  P s o  
I t  any be shown from e q u a t i o n s  ( 4 )  and  ( 1 8 )  t h a t  
For  a l l  p r a c t i c a l  pu r?oses ,  e q u a t i o n s  (19) a n d ( 2 2 )  a r e  ac- 
c u r a t e  enough. I f  c? and R a r e  :yiven i n  B tu  p e r  OF 
p e r  pound  (:-lass), t h e n ,  f o r  c o n v e r s i o n  i n t o  a b s o l u t e  u n i t s ,  
J g  cp a n d  J g  R s h o u l d  be s u b s t i t u t e d  whenever t h e s e  oc-  
c u r .  (Jg = 778 x 32.174 f t -pouncla ls  p e r  B t u . )  Observed 
t e m p e r a t u r e s  can  be used. w i t h  l i t t l e  e r r o r  t o  c l e t e rx ine  
s u p e r c k a r g e r  p a r a m e t e r s  i f  t h e  a i r  v e l o c i t y  does  n o t  ex- 
ceed  200 f e e t  p e r  second i n  t h e  i n l e t  p i p e  and  260 f e e t  
p e r  second i n  t h e  o u t l e t  p i p e .  For  g r e a t e r  s p e e d s ,  e r r o r s  
of more t h a n  one-ha l f  p e r c e n t  w i l l  be maOe i n  Tad and  
Q,/n i f  the t r u e - s t r e a m  and t o t a l  t e u i p e r a t u r e s  a r e  no t  
u s e d ,  
The c o n s t a n t  a i s  d e t e r m i n e d  i n  wind- tunnel  t e s t s ,  
I t  h a s  been  t h e  custom of some l a b o r a t o r i e s  t o  p r e s e n t  
t h e  r e s u l t s  of t h e  c a l i b r a t i o n  i n  t h e  form of c u r v e s  of 
T t / T o  and  T s / T o  p l o t t e d  a g a i n s t  t h e  s q u a r e  of t h e  Mach 
number, 2he method whereby a i s  d e t e r m i n e d  from c a l i b r a -  
t i o n  t e s t s  s n d  i t s  v a l u e  s u b s e q u e n t l y  u s e d  i n  e q u a t i o n s  
(19 )  and  ( 2 1 )  i s  t h o u g h t  t o  be s i m p l e r  t h a n  t h e  method 
whereby c u r v e s  of T o  and T t / T o  a r e  u s e d ,  E e f o r e  t h e  
c a l i b r a t i o n  t o  d e t e r m i n e  a i s  nade ,  a n  o r d i n a r y  c a l i b r a -  
t i o n  o f  t h e  thermocouple  and r e c o r d i n g  d e v i c e  i s  made by 
p u t t i n g  t h e  h o t  j u n c t i o n  i n  a  l i q u i d  b a t h  and t h e  c o l d  
j u n c t i o n  i n  a n  i c e  b a t h ,  . L i q u i d - i n - g l a s s  the rmomete r s ,  
a c c u r a t e  t o  w i t h i n  0.2' F ,  Ere  u s e d  t o  d e t e r m i n e  th,s h o t -  
and  co ld -  j u n c t i o n  t e m p e r a t u r e s ,  
G r e a t  c a r e  s h o u l d  be o b s e r v e d  i n  t a k i n g  t e m p e r a t u r e  
r e a d i n g s ,  T e s t s  have r e v e a l e d  t h a t  d i f f e r e n c e s  i n  r e a d -  
i n g s  due t o  s y s t e m a t i c  e r r o r s  of v a r i o u s  o p e r a t o r s  c a n  
v i t i a t e  t h e  c a r e  p u t  i n t o  t h e  good c o n s t r u c t i o n  and caLi- 
b r a t i o n  of a the rmomet r i c  d e v i c e .  T e s t  r e s u l t s  can be 
n o t i c e a b l y  i n  e r r o r  due t o  t h i s  c a u s e ,  
I n  t h e  s t a n d a r d  t e s t  p r a c e d u s e  ( r e f e r e n c e  7 ) ,  i t  h a s  
beep  s t a t e d  t h a t  p r e s s u r e  r e a d i n g s  s h a l l  be t a k e n  t o  0605  
i n c h  of mercury and t e m p e r a t u r e  r e a d i n g s  t o  w i t h i n  0.5 3'. 
' 9he iTACA h a s  r e d u c e d  t h e s e  t g l e r a n c e s  i n  i t s  t e s t  work t o  
0.01 f n c h  of mercury and  0.2 F, 
One method of  s e t t i n g  t h e  s u p e r c h a r g e r  speed i s  by 
means of a n  e l e c t r i c  t a c h o m e t e r .  The speed  i s  t h e n  
checked by  means of a n  e l e c t r i c  r e v o l u t i o n  c o u n t e r  and  a 
s t o p  ~ ~ a t c h ,  A f t e r  t h e  speed i s  a d j u s t e d ,  a s t r o b o t a c  
i s  s e t  2,t t h e  same speed  and t h e r e a f t e r  s e r v e s  a s  a v i s u a l  
check  t h a t  t h e  speed  r e u a i n  f i x e d  when t h e  l o a d  i s  changed.  
Othe r  methods of measur ing  speed  a r e  u s e d ,  one l a b o r a t o r y  
o b t a i n i n g  sl2eed w i t h  g r e a t  a c c u r a c y  bg u s e  of a p r e c i s i o n  
l i q u i d  t a c h o n e t  e r  . 
, TEST PROCEDURX 
A s t a n d a r d  t e s t  p r o c e d u r e  i n  r e f e r e n c e  7 g i v e s  s a t i s -  
f a c t o r y  r e s u l t s .  Anothey t e s t  p r o c e d u r e  i n  g e n e r a l  u s e  
t h a t  g i v e s  s a t i s f a c t o r y  r e s u l t s  f o l l o w s :  
1. Read t e m p e r a t u r e s  t o  w i t h i n  1' 3'. 
2.  fiead p r e s s u r e s  t o  w i t h i n  0.1 i n c h  of mercury.  
3. I n v e s t i g a t e  and  c o r r e c t ,  wherever  p o s s i b l e ,  t h e  
c a u s e  of & i s a g r e e m e n t  between r e p e a t  r e a d i n g s  
and  o r i g i n a l  r e a d i n g s  t h a t  do n o t  a g r e e  w i t h i n  
t h e  g i v e n  l i m i t s .  
F o r  e a c h  t e s t  p o i n t ,  
( a )  A d j u s t  speeL ,  a i r  f l o w ,  and  t h r o t t l e  s e t t i n g s  t o  
t h e  d e s i r e d  v a l u e s ,  
( b )  V a i t  5 m i n u t e s .  
( c )  T ~ k e  a comple t e  s e t  of r e a d i n g s  i n  a n  e s t a b l i s h e d  
s e q u e n c e .  
( 6 )  Wait ~ n t i l  5 m i n u t e s  have e l a p s e d  f rom t i n e  of 
s t a r t  of i t e n  ( c ) .  
( e )  Take a n o t h e r  comple t e  s e t  of r e a d i n g s  i n  t h e  es -  
t a b l i s h e d  sequonce ,  Use t h i s  s e t  of r e a d i n g s  
i n  t h e  calculation of pe r fo rmance  of t h e  supe r -  
c h a r g e r .  Coxpare t h e  d a t a  o b t a i n e d  w i t h  t h e  
d a t a  of i t e m  ( c )  and  e v a l u a t e  t h e  d e g r e e  of  
s t a b i l i t y  o r  d r i f t  f o r  t h e  t e s t  p o i n t ,  
(f) S e j e c t  o r  r e p e a t  any  t e s t  p o i n t  t h a t  shows a 
change i n  i n l e t  t e n p c r a t u r e  of '2' F o r  of dyna- 
nometcr  spced  e x c e e d i n g  410  rpm. 
Thc p r o c e d u r e  g i v e n  i n  r e f e r e n c e  7 i s  t o  be p r e f e r r e d  
b e c a u s e  of t h e  s h o r t e r  t i m e  c l emen t  i n v o l v e d .  
COXPUTAT I OX 02 SVPERCFIGEB PARAMETERS 
The t r u e - s t r e a m  and t o t a l  t e m p e r a t u r e s ,  t h e  p r e s s u r e  
c o c f S i c i e n t s ,  t h e  a d i n b ~ . t i c  c f f i c i c n c i c s ,  and t h e  a d i a b a t -  
i c  s l i a l t  c f  f i c i e n c i c s  a r e  c x l c u l a t e d  from f ormulns  t h a t  
have  becn  previously d c r i v c d ,  t h e  v a l u e s  of t h c  c o n s t a n t s  
i n  t h e  f o r r ~ u l a s  b e i n g  g i v e n  i n  t 5 e  Symbols,. ( see  nppcnc2ix'.) 
The f o r n u l a s  w i t h  t h c  c o n s t n n t  v a l u e s  i n s e r t c d  have bcen  
g i v c n  i n  r e f c r c n c c  7 ,  
The method of co:nputing t h e  volume of a i r  t h r o u g h  t h e  
o r i f i c e  o r  i lozz le  p l a c e d  i n  f r o n t  of t h e  s u p e r c h a r g e r  h a s  
%con g i v c ~ .  i n  r c f c r c n c c  7 ,  The weight  of a i r  i s  c a l o u l a t -  
ct!! f rom t h c  f o r m u l a  
Tho vo lunc  of 7,ir a t  t h c  i n l c t  of t h o  s u p c r c h a r g c r  i s  
obtained- from t h c  f o r m u l a  
WBT , 
Q1 = 
p1 s 70.73 
s i n c e  R = 53.50.  
Thc g a s  c o n s t a l ? t s  hnvc bccn  obta . incd  f rom r c f c r c n c c  5 ;  
normal  s i r  i s  assumod t o  bc s i r  a t  68' F w i t h  a r e l a t i v e  
h u m i d i t y  of 36 p c r c o n t .  For  t c a t s  nadc cl-urine h o t  humid 
clays, i t  i s  p o s s i b l e  t h z t  t n c  gas c o n s t a n t s  u s e 5  w i l l  k c  
s u f f i c i e n t l y  i n  error t o  c a u s c  an n p p r c c i a b l c  c f f c c t  on t h e  
t c s t  r e s u l t s .  T21c c f f c c t  of a change i n  humicli ty on t h e  
g a s  c o n s t a n t s  Fnd o n  s e v c r n l  s u p c r c h a r g c r  p n r a n c t c r s  h a s  
bccn  i n v e s t i g a t e d  ( r c f c r a n c c  8 ) .  I n  t h i s  r e p o r t  i t  i s  
shown t h a t  t h c  
v h c r c  m r c p r c s c ~ l t s  t h e  humi$.lty i n  g r a i n s  p e r  pound f o r  
t h e  k c s t  c o n d i t i o n  a n d  3 6 , 5  i s  t h o  h u m i d i t y  i n  g r a i n s  p e r  
pound f o r  n o r n a l  a i r ,  I n  g e n c r n l ,  no c o r r c c t i o n  i s  mzde 
t o  t h e  s u p e r c h a r g e r  p a r a n e t e r s  f o r  a change of  h u m i d i t y  
b u t  c o r r e c t i o n s  s h o u l d  be made t o  t h e  p a r a m e t e r s  f o r  a 
change o f  Eumid i ty  of a p p r o x i m c t e l y  55 g r a i n s  p e r  pound 
fro21 t h a t  f o r  normal  a i r .  The p a r a m e t e r s  a r e  f i r s t  c a l c u -  
l a t e d  a c c o r d i n g  t o  t h e  f o r m u l a s  g i v e n  h e r e i n  and  c o r r e c -  
t i o n s  a r e  t h e n  a p p l i e d  a c c o r d i n g  t o  t h e  f o r e g o i n g  f o r m u l a s .  
GRAPH1 CAL 1;lETEODS OF PRESEBT IPG SUPERCHARGER RAT IITGS 
The p r a c t i c e  a t  t h e  p r e s e n t  t ime  i s  t o  p r e s e n t  sepa-  
r a t e  c h a r t s  of qad ,  qad,  and  V S  f o r  e a c h  s p e e d ,  a t  
v a r i o u s  l o a d  c o e f f i c i e n t s ,  (See f i g s .  9 ,  1 0 ,  and 1 1 . )  
T h u s ,  i f  t e s t s  n r e  r u n  a t  s p e e d s  of 8 0 0 ,  1 1 0 0 ,  1200 ,  a n d  
1 3 0 0  f e e t  p e r  s e c o n d ,  1 2  g r a p h s  w i l l  be r e q u i r e d  u n l e s s  
t w o  o r  more s n e e d s  ziny be p l o t t e d  w i t h o u t  c o n f u s i o n  on one 
c h a r t .  U s u a l l y  t h i s  s a v i n g  of s p a c e  canno t  be made be- 
c a u s e  t h s  t e s t  p o i n t s  and c u r v e s  a r e  so  c l o s e  a s  t o  c a u s e  
c o n f u s i o n ,   he i n c l u s i o n  of t h e  t e s t  p o i n t s  s e r v e s  t o  
g i v e  P, rough  i d e a  of t h e  r e l i a b i l i t y  of t h e  t e s t  c u r v e  by 
t h e  f r e q u e n c y  of  p o i n t s  z l o n g  s e c t i o n s  of t h e  c u r v e  znd  by 
t h e i r  s c a t t e r , )  The p r e s e a t  st:-,nd-zrC method h a s  t h e  d i s -  
x d v n n t a g e ,  t h e n ,  t h a t  numerous g r a p h s  z r e  r e q u i r e d  and  i t  
i s  t h e r e f o r e  d i f f i c u l t  t o  g e t  TL g e n c r c l  p i c t u r e  of t h e  
o p e r a t i o x  of t h e  supercharger. 
A n o t h e r  method o f  p r e s e n t i n g  dntn h a s  been  t o  p l o t  
Had a g a i n s t  Q1 f o r  v a r i o u s  v a l u e s  of t i p  s-geed and t o  
supe r impose  upon t h i s  c h a r t  c o n t o u r  l i n e s  of a d i a b a t i c  
e f f i c i e n c y ,  ( N O  c u r v e s  of n d i a b n t i c  s h a f t  e f f i c i e n c y  have  
b e e n  p l o t t e d  i n  t h i s  x e t h o d . )  T h u s ,  one c h a r t  c o u l d  g i v e  
n c o n p l e t e  p i c t u r e  o f  t h e  o p e r a t i o n  of t h e  s u p e r c h a r g e r .  
I t s  ~ , d v a n t a g e  ovcr  t h e  c h a r t s  u s i n g  qzd and  Q l / n  i s  
t h n t  c u l t i - p l i c a t i o n  5 y  t h o  i m p c l l e r  syced  s p r e a d s  ou t  a l l  
t h e  c u r v c s  2nd n n k e s  p o s s i b l e  t h e  d rawing  of  i n t e l l i g i b l e  
c o n t o u r  c u r v c s ,  A d 5 s n d v ; x ~ t a g c  of t h i s  :i-~ethod i s  t h n t  t h e  
e f f e c t  of T on Y,& n s  p r e d i c t e d  by d i m e n s i o n a l  t h e o r y ,  
i f  t h c  IjInch number h ~ . s  l i t t l e  i n f l u o n c c  on t h e  r e s u l t s ,  
d o e s  n o t  check  e x p e r i m e n t a l  d a t a ,  T h i s  q u e s t i o n  i s  b e i n g  
i n v e s t i g a t e d ,  An e:w.mple of such  a  p l o t t i n g  i s  shown i n  
f i g - d r c  1 2 .  
Con tou r  c u r v e s  a l s o  s e r v e  t h e  pu rpose  of d e t e r z i n i n g  
whe the r  t h e  d a t a  f o r  a g i v e n  c u r v e  a r e  i n  agreement  w i t h  
t h e  d a t a  o f  o t h e r  c u r v e s ,  b e c a u s e  t h e  c o n t o u r  l i n e s  s h o u l d  
be smooth,  
The number of p o i n t s  cn each  c u r v e  f o r  e i t h e r  method 
s h o u l d  be  s u f f i c i e n t  t o  e l i n i n a t e  i n c o r r e c t  f a i r i n g  o f  
c u r v e s  due t o r zndon  e r r o r  i n  t e s t  d a t a ,  S p e c i z l  c a r e  
s h o u l d  be  t a k e n  t o  s e c u r e  ecough p o i n t s  t o  d e t e r m i n e  c o r -  
r e c t l y  t h e  maxinum e f f i c i e n c y  p o i n t s  of t h e  c u r v e s .  Ordi- 
n a r i l y  f rom 1 0  t o  1 5  j ?o in t s  .sur'f i c e ,  bu t  t k i s  number de- 
pends upon t h e  l e n g t h  and  shape  of t h e  c u r v e  a n d  how t h e  
p o i n t s  a r e  d i s t r i b u t e d .  
a i o c a l  v e i o c i t y  of sound ,  f p s  
C~ 
s p e c i f i c  h e a t  of n o r n a l  a i r  a t  c o n s t a n t  g r e s s u r e ,  
189 .05  f t - l b / ' ~ / l b  ( m a s s ) ,  o r  6082 f t - - p ~ u n d a l s / ~ ~ / l b  
( m a s s )  
D i n p e l l e r  cIia.net e r  , f t  
E i n t e r n a l  ene rgy  p e r  u n i t  n n s s ,  St-poundals  / l b  (mess  ) 
F Froude  number,  r a t i o  of i n e r t i a l  f o r c e  t o  c e n t r i f u g a l  
f o r c e  ( q / n n 3 )  
g r a t i 2  of a b s o l u t e  t o  g r a v i t a t i o n a l  - an i t  of n a s s ,  
l b / s l u g  ( 3 2 . 1 7 4 )  
H i n c r e a s e  i n  t o t a l  e n t h a l p y  p e r  u n i t  m a s s ,  f t - l b / l b  
( m a s s ) ,  o r  f t - p o u n d n l s / l b  (ma-ss) 
Had i s e n t r o p i c  i n c r e a s e  i n  t o t a l  e z t h a l p y  p e r  u n i t  mass 
f o r  a g i v e n  p r e s s u r e  r a t i o ,  f t - i b / l b  ( m a s s ) ,  o r  
f t -pounda l s  j l b  ( m a s s )  
5; e n t h a i p y  p e r  u n i t  ( m a s s ) ,  f t - p o u n d a l s / l b  ( m a s s )  
ti m e c h a n i c a l  e q u i v a l e n t  of h e a t ,  f t - l b / ~ t u  ( 7 7 8 )  ' 
I?: Hach number ,  sqv-ere  r o o t  of r a t i o  of i n e r t i a l  f o r c e  
t o  comprc:ssioz-i f o r c e  ( 1 / 3 . )  
m s p e c i f i c  h u m i d i t y ,  g r e , i n s / l b  
n  a n g u l a r  v e l o c i t y  of i m p e l l e r ,  r p s  
P n e t  s h a f t  power ( g r o s s  s h a f t  power minus f r i c t i o n  
p o w e r ) ,  f t - l b / s e c ,  o r  f t - p o u n d s l s / s c c  
P p r e s s u r e  ( o b t a i u e &  from c o r r e c t e a  b a r o m e t r i c  p r e s s u r e  
a n d  p r e s s u r e  ?eadin , . ; s ) ,  i n ,  Yg a b s ,  
pa c o r r e c t e d  3c ro ; ; l e t r i c  p r e s s u r e ,  t o t a l  p r e s s m e  of d r y  
a i r  and  w a t e r  r a p o r  ( c o r r o c t e < ~  f o r  temperature) , 
l b / s o .  f t  
0, h e a t  Los t  o r  g a i n e d  b;- 1 2ound of g a s  f l o w i n g  t h r o u g h  
supercharger, f t - p ' ~ u n d a l s / l b  ( n a s s )  
qaa p r e s s u r e  c o e f f i c i e n t  
0 
B €;as c o n s t a n t  f o r  n o r m ~ ~ l  s i r ,  f t - l b / l b  ( n a s s ) /  F (53 -50) 
t c m p e z a t u r c ,  O F  a b s .  (OF -t- 4 5 9 . 6 )  
i n p e l l c r  t i p  s p e o d ,  fps  
v e l o c i t y  of f l u i d ,  f p s  
s p e c i f i c  volume of f l u i d ,  cu f t / l b  
v o r k  d o ~ e  by i m ~ e l l c ~  , f t - p o u n d a l s / l b  ( m a s s )  
Y - 1  
'. -Y- 
( P ~ ~ / P ~ ~ )  - 1 
r e c o v e r y  c o c f f i c i c n t  of t h c r a o m c t r i c  d e v i c e  
r a t i o  of s y ~ c i f i c  k c a t  a t  c o n s t a n t  p r e s s u r e  t o  spe- 
c i f i c  h e a t  a t  c0nstnr . t  volume f o r  normal  a i r  , 
(1.39.q-7) 
k i n e t i c  p r e s s u r e ,  i n .  xg ( p t  - Ps )  
a d i s b a t i c  t c r ~ . p c r a t u r c - r i  s c  r a t i o  o r  a d i a b a t i c  e f f i e n c y  
a d i a b a t i c  s h a f t  efficiency 
Q n  l o a d  c o e f f i c i e n t ,  cu f t / i m p e l l c r  r o v o l u t i o n  
S u b s c r i p t s :  
1 c o n d i t i 0 n a . t  i n l e t  of s u p e r c h a r g e r  
2 c o n d i t i o n  a t  o u t l e t  of s u p e r c h a r g e r  
n n o z z l e  o r  o r i f i c e  
o  o b s c r v c d  v a l u e  
s s t a t i c  o r  t r u e - s t r e a a  v a l u e  ( e x c e n t  i n  symbol Tis) 
t t o t a l  o r  s t e g n a t i ~ n v a l u c  
F o r  exampl-e, T l s  i s  t h e  a b s o l u t e  s t a t i c  t e m p e r a t u r e  
of t h e  a i r  a t  t h e  i n l e t  of t h e  s u p e r c h a r g e r .  
L a n g l e y  Memorial A e r o n a u t i c a l  L a b o r a t o r y ,  
B a t i o n n l  A a v i s o r y  C o n n i t t e e  f o r  A e r o n a u t i c s ,  
L e n g l e ; ~  F i e l d ,  Va.  
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Figure 11 - Adiabatic shaft efficiencies of Pratt and Whitney Twin Wasp 1830 
. supercharger from NACA tests. 
